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UTILIZATION OF NATURAL GAS FOR CHEUICAL PRODUCTSL/ 


By Harold mM. Smi the/ 


Natural gas nas been used as a fuel and source of energy almost from 

‘ts discovery, but its use as a chemical raw material may be said to have 
terun in 1918, when Brooks and Humphreya/ showed the presence of alcohols 
-1 tre diluted acid oil obtained by the sulfuric ecid treatment of cracked 
cetroleum distillates. However, develonoment of the utilization of natural 
23s for Chemical syntheses was slow, partly because erroneous ideas 
2zisted regarding the nonreactivity of the hyirocerbons composing naturel 
z.ss Data accumleated by petr:leum chemists throuzshout the world, parti- 
vilarly since about 1930, have shown that these hydrocarbons will react 
ren activated by the effects of heat, oressure, chemicel reagents, and 
-2nt; also that the reactions can be meade to proceed at practicable 
reeds and to provide good yields of useful products with moderate onerating 
nag ti especially if catalysts ere employed. <As these results became 
Loney 19) » the possibility of a synthetic orgenic chemical industry based upon 

ase Speacbions became apparent, and today this industry is large and 
ot rapidly in importence. : 


In this paper the story of the manufacture of chemical products 
“Ton natural gas is told simply in graphic form. The industry is develop- 
-“g 80 rapidly that some products may have been omitted, but every effort 
“28 Deen made to include all thet are important or likely to become so. 
= difficulty of keeping information fy this type up to date is shown 
~~ Traference to an information circular on the same subject published 
tae Bureau of Mines in 1930, in which the important products are shown 
“1a single chart, whereas five charts are emploved for the same purpose 
au presente : 
a a a a 
4] The Bureau of Mines will welcome reprinting of this paper, rrovided the 
following footnote pomp whegenens is used: “Reprinted from Bureau of 
; Mines Information Circular 7108." 
; Petroleum chemist, Bureau of Mines, Bartlesville, Okla. 
1 Brooks, B. T., and Eumphrey, I., The Action of Concentrated Sulfuric 
Acid on Olefins, With Particular Reference to the Refining of Petroleum 
_ Distillates: Jour. Ame Chem. Soc., vol. 40, 1918, pp. 8224856, 
~ Smith, H. M., Possible Utilization of Natural Gas for the Production 

of Chemical Products: Bureau of Mines Inf. Circ. 6388, 1930, 5 pp. 


Google 


I. C. 7108 


It would be desirable to include brief descriptions of some of the 
processes, but operating conditions are so varied th-t no simple method 
of explanation seems possible. The subject of catalysts also is so com 
plex that it cannot be covered adequately in a report of this type. The 
nontechnical reader is interested mainly in the general picture shown by 
the 10 charts; the technical reader will be able to obtain from the refer- 
ences given such chemical and engineering information as is generally 
aveilable. 


Chart I, 


Chart I shows the general composition and major uses of natural gas. 
The percentage of the various components in natural gas varies greatly, 
but "wet" gas typical of much of that produced lies within the following 
limits in percent by volume: Metnane, 80-90 percent; ethane, 5-10 percent; 
propane, 3—5 percent; isobutane and butane, l-2 percent; pentanes and 
hexanes, l-e percent. Chart I also indicates that portion of natural 
gas, nemely, "dry" and "liquefied" gas, with which this paper deals. 


Chart Il, 


The upper graph of chart II shows the consumption of natural gas in 
1938 for domestic, commercial, and industriel purposes. Unfortunately, 
figures for the quantity of natural gas used in the manufacture of syn- 
thetic chemicals have not been segregated, but are included under "other 
industrial" uses. The graph at the lower left shows the great increase 
in production of non=-coal-tar synthetic organic chemicals from 1925 to 
1938 However, statistics showing the oroportion of increase due to 
synthesis from natural gas sre not available. The graph on the right 
shows the consumption of liquefied propane and butane; statistics of the 
amounts used in chemical manufacture indicate a considerable increase 
from 1936 to 1938. The 41 million gallons used in 1933 would represent 
about 1 billion cubic feet in the gaseous state. 


Chart Ill, 


At present there are four basic methods of converting natural-gas 
hydrocarbons to other products. These ere named, defined, and illustrated 
by examples in chart III, "Dehydrogenation" is considered as one type 
of "decomposition" and included under that headinge A few words concern- 
ing methane may be needed. Although it is the major constituent of natura 
gas, it was not chosen to illustrate the reactions because in most instanc 
it requires severe operating conditions, and the reactions aro difficult 
to control. Methane can be decomposed by heat to give unsaturated gases 
and aromatic liquids, but extreme temperatures are necessary, and the | 
processes are not economically feasible at present. Oxidation of methane 
is being carried out at present, and chlorination of methane is possible, 
but it is difficult to control the conditions so as to give a good yield 
of a single product rather than a mixture of three or four products. 
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Nitretion of methane is. possible if operating conditions are drastic 
cugae Thus, methane, the most prevalent of all hydrocarbon gases, is 
rere resistent to chemical treatment than the others, and its reactions 
ere less tyoical as is often true for first members of an homologous 
ceries of coupoundse The utilization of methane other than as a faseous 
1:31 ds still a problem awaiting solution. 


This brief discussion regarding methane also brings out the fact 

ror each hrarocarbon tnere is one set of operating conditions = 
“erraroture, cressure, and contact time — that will provide optimum vields. 
T.: this reason it is often desirable to sesresate the hydrocarbons as 
i:viduale or small grourse For example, if it is desired to decemnose 
iropeae thermelly to produce propylenc, then any butane, pentane, or other 
risrer-molecular-weight hydrocarbons should be reneved. These hervier 
carounds recct to produce undesirable products wider conditions suitable 
ror cropane, On the other hand, mevh-ne and ethane would react very 

utilis, and would serve lergely as diluents to cecrease the extent of 

ine propar.e uecomoositione 


Chart IV. 


Crart IV gives in some deteil the relationshiv between various 
Tzactlons that may be enplied to ethane. No attempt is made to show the 
-2Cueniem ef the reections indicated - simply the over-all results. The 
\ ) sien vefure a product narie means that the product is added, ana the 
Aas sien nears that the sah Sg is removed. Text books on ee 

a2 


te aoe . 
Chart V. 


Chart V should be used for reference in studyvi ne charts VI to X, as 
it indicates the significnnce of the several "boxes," brackets, and types 
cf lettering used in them. In chart V the terms used have the following 


sCmiinzs$ 


EDissry producte~ A product obtained directly by the application of 
Cre or the four basic methods of conversion given in chart III. 


rrefarred scurcee— Not necessarily the only source, but the material 


oD 


Teactirg mest easily or with the best yieldse 


di 
wire 


ct usee~ A use, (1) in which no chemical change occurs in the 

substanee, as when it is used as a solvent or anesthetic; or, (2) waen 

ee Stustance is completely destroyed, as when used for fugl. The direct 
eS O1 Secondary ovoducts are indicated in brackets. 


a 
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‘Secondary producte=- A product made from the primary producte Comror 
names and uses of secondary products and their derivatives are indicated 


in parentheses. 
Charts VI — IX. 


Charts VI, VII, VIII, and IX show the development of chemical syntne 
from the primary products obtained by the application of the four methods 
of hydrocarbon conversion shown in chart III. Space does not permit nani 
all secondary products. For example, one company lists about 85 organic 
chemicals, of which thev savy: "In producing all these chemicals, olefins 
derived by processing notural gas are used eith2r directly or indirectly 
as raw materials and in most cases as the most important raw material." 
Williams“ shows a chert of 71 products tnat can be made, beginning with 
just one olefin, isobutylene. & company menufacturing nitration products 
lists 54 derivatives as <a incomplete list of those that can be made 
available easily. These deta show the imoracticability of listing all th 
products, and indicate the meznitude of the industry being built with 
natural gas as a raw material. It should be mentioned that a well-es- 
tablished group of organic compounds also is being prepared from the 
pentanes, which are not constituents of "dry" or "liquefied" natural gas. 
They are present, however, in natural gasoline. 


Chart x. 


Certain constituents of natural sas are not hydrocarbons and usually 
are present in reletively small amounts. Some of these materials, such 
as helium, are veluable even when present only to the extent of a few 
percent. Others, such as hydrocen sulfide, are a source of trouble and 
must te removed even when they are present in smail quantities. Hydrogen 
sulfide is 2n example of one of the generally objectionable nonhydrocarm 
gases, which may become valueble when it is removed from the other con- 
ponents of natural 2zas and converted into useful products. 


Some natural gases h=ve a composition of nearly 100 percent carbon 
dioxide. Carbdon dioxide from this sowce may be of value if the wells 
from which it is produced are geographically situated so that the gas 
may be utilized economically. So far, no economic use for nitrogen in 
natural gas has been developed. 
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Much of the information contained in this circular was obtained 
irectly from comoanies in the petroleum and chemical industries in 
ecly to requests for data relating to hydrocarbon utilization. The re- 
cumse to these requests vas gratifying, and the writer is pleased to 
cznowledge hig inidebteduess to ell who contributed. 


ne writer is elso perticularly appreciative of the criticisms of 
paper by members of the Petrolevm Division both at Bartlesville and 
otner stations and field offices, by members of petroleum company . 
scoratories, by Dr. He Be Hass, heed of the Department of Chemistry at 
srtve University, Lafayette, Ind., and J. ©. Walker, general superin- 
orient, Chemical Division, Cities Service Oil Co., Bartlesville, Otia. 
ne cnarts were drawn by Ralph Wright and Russell Himmelright of the 
arilesville Station. . os 
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